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Abstract 

We propose an holographic /c-essence and dilaton models of dark energy. The 
correspondence between the /c-essence and dilaton energy densities with the 
holographic density, allows the reconstruction of the potential and the fields for 
the fc-essence and dilaton models in flat FRW background. For the proposed 
infrared cut-off the reconstruction was made for the two cases of the constant 
a: for a < 1 the model presents phantom crossing and the reconstruction was 
made in the region before the cj = — 1 crossing for the EoS parameter. The 
cosmological dynamics for a > 1 was also reconstructed. The reconstruction is 
consistent with the observational data. 
PACS: 98.80.-k, 95.36.+X 
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1 Introduction 

Many astrophysical data, such as observations of large scale structure P, searches 
for type la supernovae |2], and measurements of the cosmic microwave background 
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anisotropy [3], all indicate that the expansion of the universe is undergoing cosmic 
acceleration at the present time, due to some kind of negative-pressure form of mat- 
ter known as dark energy ([1],[5]). Although the cosmological observations suggest 
that the dark energy component is about 2/3 of the total content of the universe, 
the nature of the dark energy as well as its cosmological origin remain unknown at 
present. The simplest candidate for dark energy is the cosmological constant [S], [Z], 
[8] conventionally associated with the energy of the vacuum with constant energy 
density and pressure, and with equation of state w = —1. The present observational 
data favor an equation of state for the dark energy with parameter very close to that 
of the cosmological constant. The next simple model proposed for dark energy is 
the quintessence ((see [9], [10], [H], [IS])), an ordinary scalar field minimally coupled 
to gravity, with particular potentials that lead to late time accelerated expansion. 
The equation of state for a spatially homogeneous quintessence scalar field satisfies 
w > —1 and therefore can produce accelerated expansion. This field is taken to be 
extremely light which is compatible with its homogeneity and avoids the problem 
with the initial conditions [1]. Besides quintessence, a wide variety of scalar-field 
models have been proposed to explain the nature of the dark energy. These include 
fc-essence models based on scalar field with non-standard kinetic term [13], [E]; string 
theory fundamental scalars known as tachyon [15] and dilaton [16]; scalar field with 
negative kinetic energy, which provides a solution known as phantom dark energy 
|17j . Other proposals on dark energy include interacting dark energy models [IH] 
|19j . brane- world models |2D], [21], modified theories of gravity known as f(R) grav- 
ity, in which dark energy emerges from the modification of geometry [22], [23], [21], 
[25], and dark energy models involving non-standard equations of state [26], [27] (for 
a review on above mentioned and other approaches to dark energy, see [^). In all 
these models of scalar fields, nevertheless, the potential is chosen by hand guided 
by phenomenological considerations, lacking the theoretical origin. Although it has 
not been established a complete theory of quantum gravity, we can try to find out 
the nature of dark energy according to some facts of quantum gravity, known as the 
holographic principle ([221 [2S1 EDI EB E^)- This principle emerges as a new paradigm 
in quantum gravity and was first put forward by t' Hooft [29] in the context of black 
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hole physics and later extended by Susskind [32] to string theory. According to the 
holographic principle, the entropy of a system scales not with its volume, but with its 
surface area. In the cosmo logical context, the holographic principle will set an upper 
bound on the entropy of the universe [33]. In the work [31], it was suggested that 
in quantum field theory a short distance cut-off is related to a long distance cut-off 
(infra-red cut-off L) due to the limit set by black hole formation, namely, if is the 
quantum zero-point energy density caused by a short distance cut-off, the total en- 
ergy in a region of size L should not exceed the mass of a black hole of the same size, 
thus L^Pa < LMp. Applied to the dark energy issue, if we take the whole universe 
into account, then the vacuum energy related to this holographic principle is viewed 
as dark energy, usually called holographic dark energy [31] [3l], [35]. The largest 
L allowed is the one saturating this inequality so that we get the holographic dark 
energy density. 

PA = 3cX^-2 (1-1) 
where is a numerical constant and M'"^ = SnG. 

In the work [35] it was pointed out that the infra-red cutoff L should be given by the 
future event horizon of the universe, in order to provide the EoS parameter necessarily 
for the accelerated expansion. 

By other hand, the scalar field models can be seen as the effective models of the 
underlying theory dark energy and in this sense the scalar field models can be used 
to describe the holographic energy density as effective theories. The holographic 
tachyon have been discussed in [SH], [SZj- The holographic phantom quintessence and 
Chaplygin gas models have been discussed in [3HI [39] respectively, and an holographic 
k-essence model have been considered in [IQ]. In all this models, the infra-red cut- 
off given by the future event horizon has been used for the reconstruction of the 
potentials. However this cut-off enters in conflict with the causality [3S]- Other 
reconstructing techniques in theories with a single or multiple scalar fields have been 
worked in [H]. 

In this paper we consider the scalar field models of fc-essence and dilaton sepa- 
rately as effective models of the underlying theory of dark energy, and will use the 
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correspondence with the holographic scenario proposed in |12], to reconstruct the 
field and potential for the /c-essence field, which reproduces the given holographic DE 
density. We also considered the dilaton field without potential and reconstructed the 
scalar field. The holographic reconstruction in the same scenario for the quintessence 
and tachyon models has been presented in |13] . 



2 The model 

Let us start with the proposal for the holographic density as given in 

PA = (aH^ + f3H^ (2.1) 

where H = a/ais the Hubble parameter and a and P are constants which must satisfy 
the restrictions imposed by the current observational data. Besides the fact that the 
underlying origin of the holographic dark energy is still unknown, the inclusion of the 
time derivative of the Hubble parameter may be expected as this term appears in the 
curvature scalar (see ^3]), and has the correct dimension. This kind of density may 
appear as the simplest case of more general f{H, H) holographic density in the FRW 
background. This proposal also avoids the coincidence problem as the expression for 
the holographic density contains a term which track the matter and radiation epochs. 



Using Eq. (2.1), we write the Friedman equation 

= ^(Prn + Pr) + aH^ + f^H (2.2) 

where Mp = (SttG)"^/^ is the Planck mass and pm, pr terms are the contributions of 
non-relativistic matter and radiation, respectively. This equation can be rewritten in 
the form (g2]) 

= n^,e-'^ + fi,,oe-^^ + ^ (2.3) 
in this equation a; = In a, if = H/Hq, and the subscript represents the value of a 



quantity at present {z = 0). Solving Eq. (2.3), we obtain 



2a- SP - 2 ^2 4) 

a — 2p — 1 
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where C is an integration constant. Using the redshift relation 1 + z = a^/a with 
ao = 1, the equation (2.4) takes the form 

3/3 -2a 



H{zy 



^]™o(l + zf + a.o(i + zf + 

2/3 - a 



2a -3/3 -2' 



fimo(l + z) 



2(a-l)//3 



(2.5) 



the last three terms in 
3/3 - 2a 



Pa 



+ — fi.o(l + zY + C(l + ;2) 

a — 2/3 — i 

give the scaled dark energy density p\ = ^]^j2ij2 
2/3 



2.5 



a 



-a.o(l + z)^ + C(l + 2; 



2(a-l)//3 



(2.6) 



2a -3/3 -2 ' a -2/3-1 

and the corresponding pressure density p\ is obtained from the conservation equation 
Pa = — Pa — l/'idpi^/dx, and in terms of the redshift is given by 

2/3 - a 



Pa 



2a-3/3-2 ^^^^^^,(,_^/^ 



i7ro(l + -2) 



(2.7) 



3/3 ' ' 3(a-2/3-r 

Considering the equation of state for the present epoch (i.e. at z=0) values of the 



density and pressure of the dark energy pao = i^o^Ao and the Eq. (2.5) at the present 
epoch, we obtain the two equations 



and 



3/3 -2a 



AO 



2a - 3/3 - 2 

2a - 3/3 - 2 

3/3 



2/3 



a 



C + 



a - 2/3 - i 

2/3 - a 



3(a- 2/3-1) 



(2.8) 



(2.9) 



from Eqs. |2.8[ |2.9| we can write the constants a and C in terms of /3, with appropriate 
values for the parameters f^mO; ^rO; ^ao and ujq. Once pa and pa are defined, we 
can write the expression for the deceleration parameter in terms of the constant /3 
(see [32]). Then we select those values of /3 that give the desired redshift transition 
according to the astrophysical data . In table I we resume three values for this 
constants for the case of a < 1 |12]. This values give a negative power-law in the 



last term in the expression for the holographic density (2.6), allowing values of the 
EoS parameter w\ crossing the phantom barrier and giving rise to a future Big Rip 
singularity |35],[36] (for a model with EoS crossing the phantom limit see |17j). As 
is well known the EoS parameter for the /c-essence and dilaton models can not cross 
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the phanton (or cosmological constant) limit to u < —1 values, because of high 
instability under metric and matter perturbations [IH]- Therefore the transition from 
quintessence to phantom phase in this models is not viable, and the holographic 
reconstruction for a < 1 will be consistent for z > 0. 



^mO = 0.27 QaO = 0.73 QrO = OJq = —1 




Zt 


a 


C 


0.3 


0.38 


0.85 


0.55 


0.5 


0.59 


0.93 


0.67 


0.6 


0.69 


0.97 


0.7 



Table I 



By other hand, we can also consider another set of values for a, C and /3 as giving in 
table II. With this data we can reconstruct the /c-essence and dilaton models in the 
region u > —1 for z > —1. Note that we have taken in this case wq = —0.9 which 
also gives an adequate red-shift transition and is within the limits set by the different 
sources of astrophysical data |l9l EQl EH |5] (see Figs. 1-3 in |13]). 



Qmo = 0.27 Qao = 0.73 = coq = -0.9 




Zt 


a 


C 


0.55 


0.59 


1.01 


0.67 


0.65 


0.68 


1.06 


0.7 


0.7 


0.72 


1.09 


0.72 



Table II 



Note that {3 is the only parameter in this model which needs to be fitted by ob- 
servational data. Using the values consigned in tables I and II we proceed to the 
reconstruction of the proposed scalar field models. 

3 Reconstruction of the k-essence model 

In this section, we will discuss the scalar field and potential associated with the 
/c-essence model, and will reconstruct them using the correspondence with the holo- 
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graphic principle, in the flat FRW background. The scalar field model known as 
fc-essence is also used to explain the observed late-time acceleration of the universe. 
It is well known that fc-essence scenarios have attractor-like dynamics, and therefore 
avoid the fine tuning of the initial conditions for the scalar field ([Il],[52]). This kind 
of models is characterized by non-standard kinetic energy terms, and are described 
by a general scalar field action which is a function of and X = — l/2(5^0c?'^0, and 
is given by [53] 

S = j d'x^p{^,X) (3.1) 

where p{(j), X) corresponds to a pressure density and usually is restricted to the La- 
grangian density of the form p{(j),X) = f{(f))g{X). Based on the analysis of the 
low-energy effective action of string theory (see [53] for details) the Lagrangian den- 
sity can be transformed into 

p(0,X) = /(0)(-X + X2) (3.2) 

From the energy momentum-tensor for this Lagrangian density it follows the next 
expression for the energy density of the field (see 



p(0,X) = /(0)(-X + 3X2) (3.3) 



And the equation of state using (3.2) and (3.3) is given by 

X-1 , , 

= 3^ (3.4) 

The condition 1/2 < X < 2/3 gives an equation of state — 1 < uk < — 1/3 giving rice 
to accelerated expansion, and the equation of state of the cosmological constant cor- 
responds to X = 1/2. In order to establish the correspondence with the holographic 
model, the fc-essence energy density and EoS parameter uk will be matched to the 
corresponding holographic energy density and EoS parameter = Pa/ Pa (with p\ 



and Pa given by Eqs. (2.6), (2. 7) respectively). This is in complete agreement with 
the Friedmann equations for the holographic (plus dark matter) and fc-essence (plus 
dark matter) models separately. Therefore, from Eq. ( |3.4 ) the kinetic term X can be 
written in terms of the holographic quantities. 

X = = ^ (3.5) 

2 3coa — 1 
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and replacing uj\ through p\ and p\ (hereafter the contribution of the radiation will 
be dropped) 

1 2C (2^2 + 9/32 _ 4a + 9/3 - 9a/3 + 2) - 3/3(3/3 - 2a)n„(l + ^)3-2(«-i)/,3 



X 



3 2C (2a2 + 6/32 - 4a + 7/3 - 7a/3 + 2) - /3(3/3 - 2a)^]„(l + z)3-2(a-i)//3 



(3.6) 



The behavior of the kinetic term X with respect to z is shown in Fig. 1. 




Figure 1: The evolution of the kinetic term X in terms of the redshift, for two 
representative values taken form tables I and II. At high redshift X — )■ 1 and the 
curves behave as presureless dark matter, and at low redshift z — > the a < 1 
(/3 = 0.3)curve tends to a cosmological constant behavior, and the a > 1 (/3 = 0.55) 

curve tends to slightly higher value. 

Note that in Fig. 1 the a < 1 curve cross the phantom limit X = 1/2 which is 
forbidden for the fc-essence model. Therefore in this case, the correspondence is 
consistent for 2; > 0. The curve for a > 1 can be plotted for values of 2; > —1, as in 
this case we have no phantom crossing, and at 2; — — 1 in the future, the cosmological 
constant behavior is reached. 

Taking into account that H = HqH and turning the time derivative to the redshift 



variable z = 1/a — 1, one can find from Eq. (3.5) the following equation for the field 



dz 



1 + z)Ho 



2 Pa- Pa 
^2 3pA - Pa 



1/2 



(3.7) 
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with H"^, Pa and p\ given by Eqs. (2.5), (2.6) and (2.7) respectively. This equation 



can not be integrated exactly, but can be plotted numerically for a given interval of z. 
The plot of (p as function of z is shown in Fig. 2. In fact we have plotted {(f){z) — 0(0)) 
but this does not affect the shape of the potential. 




Figure 2: The fc-essence scalar field in terms of the redshift, with the values given in 
table I. Very similar results are obtained with the values of table II. The (— ) sign in 



Eq. (3.7) have been chosen and a displacement in the HqcJ) axis by 1 have been done. 



Note that the field decreases with the increment of z, and becomes finite at low 



redshift. From Eqs. (3.3) and (2.6) it can be obtained an expression for the fc-essence 



potential /(</>) in terms of the redshift z 

f{4>) = 3H^M^ 



2, ^2 Pa (1 - ^^aY 
' 2(1-u;a) 



(3.8) 



where the Eq. (3.5) was used. Although is not possible to obtain an analytical 



expression for the potential in terms of the field, we can numerically plot the behavior 



of the potential given by Eq. (3.8 ), in terms of the fc-essence field given by the solution 



to the Eq. (3.7), as is shown in Fig. 3. 
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0.0 0.2 0.4 0.6 0.8 1.0 



Figure 3: The fc-essence scalar potential in terms of the scalar field, for a = 0.93 
and P = 0.5. Very similar results are obtained with the rest of the values consigned 

in tables I and II. 

Note that the potential at low redshift shows a shape similar to an inverse power-law 
f{(f)) ~ 1/0^ with respect to the scalar field. Tough this behavior does not affect the 
EoS parameter, this kind of potential was considered in the literature and has scaling 
solution [M] . 



4 Reconstruction of the dilaton 

In this section we will discuss the reconstruction of the dilaton field, in a fiat FRW 
background. The dilaton field is described by the effective Lagrangian density (p) 

PD{X,(j)) = -X + ce^'f'X^ (4.1) 

where c is a positive constant and X = —l/2d^(l)d^(j). This model appears from a four- 
dimensional effective low-energy string action [55] and includes higher-order kinetic 
corrections to the tree-level action in low energy effective string theory. Writing 
the Einstein equations with the dilaton field as the source of the energy-momentum 



10 



tensor, is easy to see that the Lagrangian density (Eq. (4.1)) actually corresponds to 
the pressure, Pd of the scalar field, while the energy density is given by (see 



PD = 2X^-pn = -X + 3ce'^X' 



with the equation of state parameter 



cXe^^ - 1 



(4.2) 



(4.3) 



ScXe^'f' - 1 

In this case the scaling solution corresponds to Xe^'^ = const., which has the solution 
(p ~ log(^)- The condition for an accelerated expansion gives 1/2 < cXe'^'^ < 2/3 and 
the cosmological constant limit corresponds to cXe^'^ = 1/2. 

In order to consider the dilaton field as the effective description of the holographic 
density, the correspondence between the dilaton energy density and the holographic 
energy density must be used. This translates into po = Pa, giving the equation 



-X + 306^-^X2 = "iMlHlpt, 



(4.4) 



with Pa given by (2.6 ). The correspondence with the holographic dark energy equation 
of state {(jj£) = uj\) gives 

cXe'^ = ^!A:z1 (4.5) 



3a;A — 1 



Using this equation in Eq. (4.4) one gets the following equation 

3 
2^ 



X 



':HlMl (1 



3wa) Pa 



(4.6) 



Turning to the redshift variable one can write the equation for the dilaton field as 
follows 



dz 



V3Mp 
l + z 



Pa - 3pA 



1/2 



VSMp r2C(2/3 -a + l)(3/3 - 2a + 2) + /3{2a - 3/3)fi^o(l + z)3-2("-i)//3 



l + z L 



C/3{3/3 -2a + 2) + 2/3fi^o(l + z)3-2("-i)//3 



1/2 



(4.7) 

where the definition wa = Pa/ Pa has been used. The integration can be performed 
exactly, but the analytical expression for is too large. Fig. 4 shows the behavior of 
the dilaton scalar field as function of the redshift. For a > 1 the behavior is very 
similar. 
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Figure 4: The dilaton scalar field as function of the redshift for the values of table I, 

with the minus sign in Eq. (4.7). 



5 Discussion 

Cosmological scenarios involving a scalar fields appearing in the low-energy effective 
string theory known as fc-essence and dilaton, are intended to explain the late-time 
acceleration of the universe. In this paper we have studied the fc-essence and dilaton 
fields as effective theories that describe the holographic dark energy. In the case of 
the fc-essence, the scalar field and the potential have been reconstructed according 
to the data given in tables I and II. From fig. 1 we see that though the behavior of 
the the kinetic terms are similar in the region of low redshift, the a < 1 curve in fig. 
1 crosses the phantom barrier which is unphysical for the fc-essence model, and the 
a > 1 curve is more compatible with the model as the limiting case of the phantom 
crossing does not appear, and tends to a cosmological constant behavior at z — t- — 1 
in the future. Nevertheless, it should be noted that the reconstructed k-esence model 
for the case a < 1 (see fig.l), has a continuous transition from the quintessence to 
phantom phase, despite the problems with instabilities (one possible way out of this 
problem is to consider the phantom phase as a transient phenomena). 



The correspondence with the holographic density (2.6) guarantees that the energy 



density of /c-essence and dilaton are subdominant during the matter and radiation 
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epochs, respecting the bounds imposed by the big bang nucleosintesis. One important 
fact of this reconstruction for both models, is that the equation of state ujk,d is 
decreasing at the present epoch towards u = —1. 

In summary, we have carried out a reconstruction and analyzed the cosmological 
evolution of the fc-essence and dilaton models of dark energy, in the frame of the 
holographic principle. We used the infrared cut-off for the holographic density, as 
proposed in [12]. It can be noted that the reconstruction has been successful in 
reproducing the main characteristics of this string theory inspired models, relevant 
for its cosmological dynamics. 

Acknowledgments 

This work was supported by the Universidad del Valle. 

References 

[1] M. Tegmark et al. [SDSS Collaboration], Phys. Rev. D 69, 103501 (2004) [astro- 
ph/0310723]; K. Abazajian et al. [SDSS Collaboration], Astron. J. 128, 502 
(2004) [astro-ph/0403325]; K. Abazajian et al. [SDSS Collaboration], Astron. 
J. 129, 1755 (2005) [astro-ph/0410239]. 

[2] A.G. Riess, et al, Astron. J. 116, 1009 (1998), [astro-ph/9805201]; Astron. J. 
117,707 (1999); S.Perlmutter et al, Nature 391, 51 (1998); S. Perlmutter et 
al. [Supernova Cosmology Project Collaboration], Astrophys. J. 517, 565 (1999) 
[astro-ph/9812133]; P. Astier et al., Astron. Astrophys. 447, 31 (2006) [astro- 
ph/0510447]. 

[3] D. N. Spergel et al. [WMAP Collaboration], Astrophys. J. Suppl. 148, 175 (2003) 
[astro-ph/0302209]; D. N. Spergel et al, astro-ph/0603449. 

[4] Edmund J. Copeland, M. Sami and Shinji Tsujikawa, Int. J. Mod. Phys. D 15 
1753-1936 (2006), arXiv:hep-th/0603057 



13 



[5] J. A. Frieman, M.S. Turner and D. Huterer, Ann. Rev. Astron. Astrophys., 46, 
385 (2008), arXiv:0803.0982[astro-ph] 

[6] S. Weinberg, Rev. Modern Phys. 61, 1 (1989) 

[7] T. Padmanabhan, Physics Reports 380 (2003) 235320 

[8] Varun Sahni and Alexei Starobinsky, Int.J.Mod.Phys.D9, 373-444, 2000, astro- 
ph/9904398 

[9] B. Ratra and J. Peebles, Phys. Rev. D 37, 321 (1988). 

[10] E.J. Copeland, A.R. Liddle and D. Wands, Phys. Rev. D57, 4686 (1998), gr- 
qc/9711068 

[11] R. R. Caldwell, R. Dave and P. J. Steinhardt, Phys. Rev. Lett. 80, 1582 (1998) 

[12] I. Zlatev, L. M. Wang and P. J. Steinhardt, Phys. Rev. Lett. 82, 896 (1999) 

[13] C. Armendariz-Picon, V. Mukhanov, and P. J. Steinhardt, Phys. Rev. Lett. 85, 
4438 (2000) 

[14] T. Chiba, T. Okabe and M. Yamaguchi, Phys. Rev. D 62, 023511 (2000), astro- 
ph/9912463 

[15] T. Padmanabhan and T. R. Choudhury, Phys. Rev. D 66, 081301 (2002), hep- 
th/0205055 

[16] M. Gasperini, arXiv:hep-th/0702166 

[17] R. R. Caldwell, Phys. Lett. B 545, 23-29 (2002) 

[18] L. Amendola, Phys. Rev. D 62, 043511 (2000) [astro-ph/9908023] 

[19] Yin-Zhe Ma, Nuclear Physics B 804 (2008), 262285 

[20] C. Deffayet, G. R. Dvah and G. Gabadadze, Phys. Rev. D 65, 044023 (2002) 
[astro-ph/0105068] 



14 



[21] V. Sahni and Y. Shtanov, JCAP 0311, 014 (2003) [astro-ph/0202346] 

[22] S. M. Carroll, V. Duvvuri, M. Trodden and M. S. Turner, Phys. Rev. D 70, 

043528 (2004), arXiv:astro-ph/0306438 

[23] S. capozziello, S. Carloni and A. troisi, arXiv.astro-pli/0303041 

[24] S. Nojiri and S. D. Odintsov, Int. J. Geom. Meth. Mod. Phys. 4 115-146 (2007) 

[25] S. Nojiri and S.D. Odintsov, arXiv:hep-th/0807.0685 

[26] A. Y. Kamenshchik, U. Moschella and V. Pasquier, Phys. Lett. B 511, 265 (2001) 

[27] Shinichi Nojiri and Sergei D. Odintsov, Phys.Rev. D72 (2005) 023003, arXiv:hep- 
th/0505215 

[28] J.D. Bekenstein, Phys. Rev. D 7, 2333 (1973) 

[29] G. 't Hooft, gr-qc/9310026 

[30] R. Bousso, JHEP 07, 004 (1999) 

[31] A. Cohen, D. Kaplan and A. Nelson, Phys. Rev. Lett. 82 4971 (1999), [hep- 
th/9803132] 

[32] L. Susskind, J. Math. Phys. (N.Y) 36, 6377, (1994) 

[33] W. Fischler and L. Susskind, hep-th/9806039 

[34] S. D. H. Hsu, Phys. Lett. B 594, 13 (2004), [hep-th/0403052]. 

[35] M. Li, Phys. Lett. B 603, 1 (2004), [hep-th/0403127] 

[36] M.R. Setare, Phys. Lett. B 653, 116-121 (2007), arXiv:0705.3517 [hep-th] 

[37] Jingfei Zhang, Xin Zhang and Hongya Liu, Phys. Lett. B 651 (2007) 84-88, 
arXiv:0706.1185v2 [astro-ph] 

[38] M.R. Setare, Eur.Phys.J. C 50, 991-998,2007, hep-th/0701085 



15 



[39] M R Setare, Phys. Lett. B 648, 329 (2007), arXiv:0704.3679 [hep-th] 

[40] Norman Cruz, Pedro F. Gonzalez-Diaz, Alberto Rozas-Fernandez and Guillermo 
Sanchez, arXiv:0812.4856 

[41] Emilio Elizalde, Shinichi Nojiri, Sergei D. Odintsov, Diego Saez and Valerio 
Faraoni, Phys. Rev. D77, 106005 (2008), arXiv:0803.1311 [hep-th] 

[42] L.N. Granda and A. Oliveros, Phys. Lett. B 669, 275 (2008), arXiv:gr- 
qc/0810.3149 

[43] L. N. Granda, Int. J. Mod. Phys. D, V. 18, N 11, 1749 (2009); arXiv:gr- 
qc/0811.4103 

[44] C. Gao, X. Chen and Y. G. Shen, astro-ph/0712.1394, Rong-Gen Cai, Bin Hu 
and Yi Zhang, arXiv:0812.4504, Chao Jun Feng, arXiv:0809.2502 

[45] R. R. Caldwell, M. Kamionkowski and N. N. Weinberg, Phys. Rev. Lett. 91, 
071301 (2003) 

[46] S. Nesseris and L. Perivolaropoulos, Phys. Rev. D70, 123529 (2004) 

[47] Bo Feng, Xiuhan Wang, and Xinmin Zhang, Phys. Lett. B607, 35 (2005), astro- 
ph/0404224 

[48] A. Vikman, Phys. Rev. D71, 023515 (2005), astro-ph/0407107 

[49] Steen Hannestad and Edvard Mortsell, Phys. Rev. D 66, 063508 (2002), astro- 
ph/0205096 

[50] Alessandro Melchiorri, Laura Mersini, Carolina J. Odman and Mark Trodden, 
Phys. Rev. D68, 043509 (2003), astro-ph/0211522 

[51] M. Tegmark et al. [SDSS Collaboration], Phys. Rev. D 74, 123507 (2006) 

[52] Jin U Kang, Vitaly Vanchurin and Sergei Winitzki, Phys. Rev. D76, 083511 
(2007), arXiv:0706.3994 



16 



[53] C. Armendariz-Picon, T. Damour, and V. Mukhanov, Phys. Lett. B 458, (1999) 
209, hep-th/9904075 

[54] Shinji Tsujikawa, M. Sami, Phys. Lett. B603 (2004), 113 

[55] Federico Piazza and Shinji Tsujikawa, JCAP 0407, 004 (2004), hep-th/0405054 



17 



